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Abstract

This paper presents an analysis of the potentighats of an international initiative designed tpsurt and
promote the development and implementation of appks standards and labelling programs througheuwbrid.
As part of previous research efforts, LBNL develbptiee Bottom Up Energy Analysis System (BUENAS), an
analysis framework that estimates impact potentibénergy efficiency policies on a global scalle this paper, we
apply this framework to an initiative that wouldsudt in the successful implementation of prograatai$ed on high
priority regions and product types, thus evaluatirgpotential impacts of such an initiative imterof electricity
savings and carbon mitigation in 2030.

In order to model the likely parameters of suchiggmam, we limit impacts to a five year period sitey in 2009,
but assume that the first 5 years of a programredult in implementation of ‘best practice’ minimwefficiency
performance standards by 2014. The ‘*high priorggions considered are: Brazil, China, the Eunagénion,
India, Mexico and the United States. The produotssilered are: refrigerators, air conditionerdjtling (both
fluorescent and incandescent), standby power (fosemer electronics) and televisions in the residesector,
and air conditioning and lighting in commercial ldirgs.

In 2020, these regions and enduses account fott 8F6t of global residential electricity and 29%etdctricity in
commercial buildings. We find that 850Mt of €€ould be saved in buildings by 2030 compared ¢dothseline
forecast.

This work was supported by the Collaborative Laigehnd Standards Program under U.S. Departmemerglf Contract No.
DE-AC02-05CH11231
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Introduction

The purpose of this paper is twofold. First, #gents an analysis of the global potential of gnefficiency policy
in a specific context. The program discussedadrtftiation of aBest Practices Network on Appliance Efficiency
(BPN), supported by the ClimateWorks, a non-pfiofindation founded with a mission to apply fundprgvided
by philanthropic organizations toward climate chengjtigation in the most effective way possibles gart of this
effort, the Collaborative Labelling and StandardsgPam (CLASP) has been designated as the appligltng
and equipment efficiency BPN, to apply its experein development of energy efficiency standardslabelling
(EES&L), in coordination with the regional climdtaundations (RCFs) established in key countriesragibns
throughout the world. For over 10 years, CLASPiginally founded as collaboration between LawreBeekeley
National Laboratory (LBNL), the Alliance to Savedtgy and the International Institute for Energy Senvation
but now an independent 501¢(3) non-profit orgaiirat has provided technical support to countriegetiging
EES&L programs through its extensive network oéinational experts. The BPN has a mission to:

(1) provide technical assistance to energy mirgstrat the national level where most appliance
standards are set; (2) empower the multitude of ®&&perts already present around the world
while also laying the seeds for the experts of wovg and (3) engage industry in a dialogue

about how to creatively pull the market towards heg levels of appliance efficiency as a
supplement to its work within the regulatory regime

ClimateWorks considers carbon mitigation in thery2@30 (in tons of C@equivalent) as a specific metric to
evaluate the success of its initiatives. The fitgipose of the paper is to present an analydisegbotential impacts
in terms of this metric of the BPN on Appliancei&#ncy. Furthermore, we limit the estimate tolgaschievable
in the first five years of the initiative (till 2@).

The second purpose of the paper is to demonstnaapalication of an analysis framework developedhey
authors. As part of previous research efforts, LRNveloped the Bottom Up Energy Analysis System
(BUENAS), an analysis framework that estimates ichp@tentials of energy efficiency policies on alml scale.
The current analysis applies the framework to feesic policy type of EES&L, and focuses on thélding
sectot . It also zooms in on a subset of the global mduekonsidering those countries and regions tacgey the
BPN.

In order to maximize the impact of each dollapiesds on program implementation, ClimateWorks imaisdd its
focus to a few economies that together will accdantnost of the world’s emission by 2030. There ahe
United States, the European Union, China, IndiazBand Mexico. All three types of EES&L programs
minimum efficiency performance standards (MEPShgarative labels and endorsement labels are clyiative
in the BPN regions of focus. Due to the complegityhe number of regions, sectors and end-usesidengd in
this analysis, we make the simplifying assumptlaat the entire market reaches the efficiency targtte
implementation year — an assumption that corresptmthe implementation of a MEPS program, althooiiper
programs could achieve the same result in moviagtlerage of the market to the same level.

It is infeasible to include every possible equiphtgpe in a five-year prograf Therefore, it is important that the
program — and the analysis concentrate on thoseseslthat will afford the most mitigation potehtdue to a
combination of either high baseline consumptiora bigh efficiency improvement potential. The hjgterity
enduses include: residential lighting, refrigerat@ir conditioners, televisions and standby poeemmercial
lighting and air conditioniny

Current policies in the high priority economies

All of the ClimateWorks’ target economies have waxlon appliance energy efficiency for some timéwirying
degrees of successful implementation and/or enfioecé. The levels of energy efficiency currentlynigeachieved
by EES&L varies by country, as does the approabkrd are, nevertheless significant additional ojymities for
carbon mitigation in all of them.

United States U.S. federal MEPS became effective startingd@8l Since then, MEPS have been set and
periodically updated for about 45 products. A corigua labelling program (EnergyGuide) was develojped
parallel with the MEPS and took effect in 1980 fiajor household appliances. Finally, the ENERGY &TA

! Most end uses covered by EES&L operate within lingjs. Industrial lighting and electric motors afso typically covered.
Industrial motors were covered for the BPN studit,vee omit them here for brevity.

2 To date, over 60 different energy consuming presibave been the subject of EES&L programs throuttie world
(CLASP, 2005).

3 Commercial refrigeration was also considered énahalysis, but is omitted here for brevity



endorsement labelling program was introduced ir188d has subsequently grown to 40 product catsy@nd
has become the international standard for endonselateelling.

European Union The European Union has had a comparative laigeficheme since 1995. The scheme began with
cold appliances and now covers most major housedpptiances. The comparative label is mandatody an
equivalent in all EU member states. The Europefitiezicy category system and label design has becoue-

facto international standard, which has been adoiptenany developing countries. Many European aiemalso

use endorsement labels — these are administrated eduntry level. In recent years due to theasss of the

program in shifting the market toward the most highted ‘A’ class products, the categories A+ &id- have

been added to the A-G scheme for some product2008, the EU adopted a framework directive on the
“Ecodesign of Energy-Using Products”. The directagtablishes a framework for setting energy efficie
requirements for the most commonly-used produtsority products under the directive include HVA@ater

heaters, electric motors, lighting, domestic apylés, office equipment and consumer electronics.

China- EES&L has become a prominent element in Chinatgasing emphasis on sustainable energy and its
recently announced goal to reduce energy inteositife economy by 20% by 2010. China has implentkate
series of minimum energy performance standards (¥)ERd expanded the coverage of its voluntary gnerg
efficiency label to over 40 products, includingidesitial, commercial and industrial products. Chieeently added
an energy information label which among other patslis applied to household refrigerators, air-ctmaers, and
clothes washers.

India - Development of EES&L in India began with the 2@nergy Conservation Act, which established the
Bureau of Energy Efficiency (BEE), with respondilgifor supporting the Central Government to specif
"standards for any equipment, appliances whichwoies, generates, transmits or supplies energyfenminmend
"the particulars required to be displayed on labelgquipment or on appliances.” In 2006, the Enogwas
launched for refrigerators and fluorescent tubbktfigvith air conditioners following in 2007.

Brazil - Brazil first adopted labelling in 1984 and hase established voluntary and mandatory labelsriany
products. Comparative categorical labels are gliwerandatory, and are administrated by the Braailational
testing agency (INMETRO), in coordination with thénistry of Mines and Energy (MME). In additiompa
endorsement label administrated by a separate ageROCEL) accompanies many products, and is well-
recognized in the Brazilian market. MEPS are culydreing developed in Brazil.

Mexico - Mexico has a long and successful history of EE®&all types. The first set of Mexican MEPS,
implemented by the Mexican National CommissionEaergy Efficiency (CONAE) took effect on Januaryl995.
Since then, MEPS for many products have been imgréea, and efficiency requirements have graduagnb
aligned with those of the U.S., making Mexico’snstards among the world’s most stringent. In additm MEPS,
Mexico uses a continuous comparative label witmélar design to the U.S. EnergyGuide label. RindfIDE?, a
non-for profit private trust fund supported by federal government administrates a successful sadwnt
labelling program.

Methodology

The current study follows the approach of recentkiry the authors evaluating the potential carbdigation
potential for EES&L programs worldwide, for a widenge of products. That study (McNeil, 2008) sHdus
referred to for many technical details omitted héitds, and several previous studies (McNeil et2005), (McNeil
et al., 2006), (McNeil et al., 2007), (Letscherakf 2007), (Letschert et al., 2008) share a comaralysis
framework, called the Bottom Up Energy Analysist®ys (BUENAS).

The strategy of the model is to construct the aigliyn a modular way. The first module models dedrfar energy
services dctivity) at the end use level, while a second considerfital energy used to provide those servicesen th
base case, and builds a high-efficiency scenasedan meeting equipment efficiency targets byezifipd year.

A third module tracks market penetration and stockover for efficient products. Finally, theseed components
are brought together, and savings are calculat#ueadifference in consumption and emissions ireffieiency
scenario versus the base case.

Module 1 — Activity forecasting

Appliance ownership is projected according to &udibr® model using readily-available national-level vhtés as
inputs. A logistic functiohdescribes the penetration of appliances in thedimids. Over 300 data points were

* Fidelcomiso para el Ahorro de Energia Eléctrica
® The term “diffusion” refers to the number of protiiper household, which can be greater than one.



gathered in development of the global residentiadieh for the following equipment: lighting fixturesfrigerators,
air conditioners, washing machines, fans, telemtsistand-by productsand electric water heaters.

The diffusion relationship allows for interpolatiafi ownership rates to countries for which no data available
and also allows for extrapolation of ownership sait#o the future, serving as the primary driver hoe energy
demand forecast. The model predicts future owngngties according to the current relationship betwawvnership
and income, urbanization and electrification. Tisve is modeled via cross-country comparisom.ofder to
provide global coverage, an effort was made tompatarize ownership in terms of macroeconomic végmkhat
are available for a wide range of countries. GD&gin is an exogenous input to the model. As a esfe, we used
the projections provided by the U.S. Departmerimdérgy’s International Energy Outlook 2007 (USE2R07).

Commercial sector activity is driven primarily byramercial building floor space. Commercial flograse
modeling proceeds in a similar manner to resideatipliance diffusion, by modeling the percentageavorkers
employed in the commercial sector, and the amofifibor space (rf) occupied by each employee, both of which
are modeled as a function of GDP per capita acegridi cross-country time series comparison.

Figure 2 shows selected results of the forecasthi®rU.S. and India. For the residential sectdfusion rates of
main appliances are shown in percent (left axife Tharts also show the evolution of commerciarflgpace, in
millions of square meters (right axis). As mightéogected, diffusion rates in the U.S. are high,raarly flat, due
to saturation effects. Refrigerator diffusion clisnery slowly as additional households choose tohase a second
refrigerator. Air conditioner rates are also ngadnstant, since areas in the U.S. where air tiondhg is desirable
currently have nearly 100% penetration of centialcanditioning in new homes. On the other hamd]rdia,
refrigerator rates are still rising, but ownerslup televisions is saturating and leveling off. Aionditioning
ownership increases from 3.5% in 2010 to 4.7% B02@ relative rise of 34%. Air conditioner rates axpected to
remain low according to the model, since, althobghsehold incomes rise significantly in relativaris, average
household income is still low, rising from $210thaal per household in 2010 to $4700 in 2030, wisdbelow the
“takeoff” point for air conditioners, which are alatively expensive appliance. It should be notedéver, that
shifts in income distribution are not taken intdeef in this aggregate model. Economic growth nieey
concentrated in middle- and high-income familiggniicantly increasing the percentage of househdltht can
afford an air conditioner. In addition, real pscéor air conditioners may drop over time, makihgrh more
accessible. Therefore, the air conditioner adoptit@s may be somewhat of an underestimate.

Appliance Diffusion and Commercial Floor Space
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Figure 2 —Activity forecast for residential and amercial building sectors.

Module 2 - Unit energy consumption and savings potential

The second module, which determines the energyooptson to provide the services modelled in Module
resembles a database of engineering and usagegqiaranThe two main outputs of Module 2 are Uniefigy
Consumption JEC) of end use technologies currently installed arallable on the markebéseline UEGand
efficiency targets to be achieved at a market ayetavel through implementation of EES&L programs.

® Because of its S-shape, the logistic functiorfisroused in consumer choice models
" The number of products using stand-by consumgisitvased on total standby wattage divided by 5\Welvis assumed to be
the average device stand-by power.



A detailed investigation of baseline energy effiicig and available high-efficiency options by regieas made for
theGlobal Impactsstudy (see McNeil et al., 2008). In that studg, a@nsidered implementation of EES&L in two
phases — by 2010 and 2020. The approach for detiexgrefficiency levels for EES&L in 2020 was to idify

levels demonstrated to maximize cost-effectivemessme region, or to be widely purchased in sooomemy

(such as the European A+ level for refrigeratori)e 2010 levels were then conceived of as anridiate, short-
term step toward the 2020 levels. The basic assampf the analysis of the BPN is that it will tdisin an
accelerationof EES&L, so that the 2020 levels from the glotegdort could be achieved by 2014. The assumptions
for each economy and end use are given in Table 1.

Table 1 — Base Case and 2014 Target Efficiency Lésdor Priority End Uses

Base [2020
End Use Region|Units Case ([Target IAssumption
No further improvement for Central AC based on cost-benefit

Us 34.6 [34.6 analysis (Rosenquist, 2006)

EU 414 [34.6 Electronic Ballasts
Fluorescent India W (Tube p1.6 140.6 Electronic Ballasts
Tubes Other [3+ Ballast) 44 34.6 Electronic Ballasts
Incandescent
Lamps All % of CFL ariable50% 50% share of CFLs by 2030

us 562 391 EU A+ level by 2014.

EU 364 271 EU A+ level by 2014.

China 489 302 EU A+ level by 2014.

India 548 223 EU A+ level by 2014.

Brazil 493 232 EU A+ level by 2014.
Refrigerators MexicokWh/yr 341 188 EU A+ level by 2014.

US 3.37 [B.37 No Further Improvement

EU 2.8 4

LAM 2.64 W

China 2.6 4 Current baseline and Levels currently set by Japan's Top
)Air Conditioners [India [EER (W/W)2.4 4 Runner Program

Potential efficiency improvement relative to current baseline

Televisions Al Efficiency [100% [148% laccording to (Armishaw, 2006)
Standby Power |All W 44 9 1W in 2014

us 0.97 [1.27

EU 0.94 [1.18

LAM 0.84 [1.12
Commercial CPA 0.84 [1.09 See (McNeil, 2008) for definition of efficiency metric and
Lighting India |[Efficacy 10.84 [1.11 technology assumptions

us 249 .64 Minimum LCC for Commercial AC+HP
Commercial Air [EU EER (W/W)B.27  ©4.07 A" level by 2014.
Conditioning Other 3.14 14.07 ISame as EU, except baseline at 'E' level

Module 3 — stock accounting and calculation of energy savings

In order to account for equipment turnover, thelstaf each end use in each year is calculatedftengortion
impacted by programs in place by 2014 is made. phiton is determined by the increase in the tapglliance
stock (due to increased uptake and population/#pace growth), and by retirement and replacenfesitio
products. The time necessary to replace all optbeprogram stock depends on the average lifeeoptoduct. The
stock is assumed to decrease linearly and reaenesfter 1.5 times the average lifetime (McNeilet 2008).
With this, the stock in each year can be dividad two categories: pre- and post- program impleatéori, with a
different UEC for each. The difference betweeanltehergy consumption of the stock in the Base @ase
Efficiency Scenario are yields energy savings.

Results and Conclusions

Using the methodology described in the previousi@ecwe forecast electricity demand by end usesfarh
economy, and the potential savings from the BPNXkiims of both electricity and carbon emissioniguie 3
shows the savings results for the U.S. and Chingerestingly, the total electricity savings foettwo countries in
2030 is similar, at about 1000 TWh. In the U.S. beer, this reduction will take place against a Higkeline, but
the results imply the potential to reverse the ghoaf electricity demand in U.S. buildings. In pentage terms,
the savings in China is dramatically higher thamthS., reflecting not only the large expected ghpwut also the
relative low-efficiency of the baseline.
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Figure 3 — Electricity forecast and Savings PotahiResults for the U.S. and China

Table 2 shows the electricity savings for eachusaland economy. Total electricity savings is 1B04h in 2030,
with the bulk of it (886 TWh) arising from savingsthe residential sector, but with a significarmaunt (415
TWh) yielded by just two commercial end uses (ligiptand air conditioning). For comparison, a recguatly by
the U.S. Department of Energy forecasts total welddttricity consumption in 2030 at 7800 TWh (USEZA07).
The savings afforded by the initiative considemrethis paper is 17% of this figure.

Table 2 — Electricity Savings Potential in 2030 bfconomy and End Use (TWh)

End Use BRAZIL | CHINA EU INDIA | MEXICO US TOTAL
Residential Lighting 11 63 39 29 10 102 254
Refrigeration 19 100 18 66 6 26 235
Residential Air Conditioning 8 2 17 21 12 0 60
Standby 4 26 30 10 4 33 108
Television 12 98 37 45 7 32 230
Residential Subtotal 54 289 140 171 38 193 886
Commercial Lighting 9 82 39 19 9 69 228
Commercial Air Conditioning 13 81 35 36 11 12 187
Commercial Subtotal 22 163 74 54 20 81 415
TOTAL 77 453 214 225 59 273 1301

Electricity savings are converted to emissions gatton by multiplying savings in each economy byegional
carbon factor developed by IEA data, extrapolated2®3§. Figure 4 shows the resulting annual emissions
mitigated in 2030, for each region and end use.

Annual Mitigated Emissions in 2030
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Figure 4 — Carbon Mitigation Potential by econonmdaend use.

8 We assume a 1% annual reduction in carbon fact@Qgkwh) for all regions.



In terms of total emissions, the mitigation potahis by far the largest in China, which shows ntbian twice the
opportunity of the U.S. This result is largely doghe higher carbon factor for electricity gertiemrain China.
India, which is also largely dependent on coaldiectricity production, and likely to experienceyaigh growth,
shows the second highest potential. The figure sti®ws the contribution of each end use. Theipriend uses
necessarily have variable contributions in différeeonomies, with no end use being clearly domindiotal
emissions reduction potential is 850 Mt £O

In the current study, we ask the question of themal for standards that are limited to only kighest priority
economies and only a handful of the most imporggak uses, but are endowed with the resourcesndisantly
accelerate the adoption of best practices. Thétseshow that such a targeted program does irnfagt the
potential to match the impacts of a wider but mdi#use’ development of EES&L programs. The globaudy
found a total carbon mitigation potential in thel@hngs sector of 1400 Mt C{On 2030, compared to the above
result of 850 Mt CQ or 60% of the global result. This is not surpidsif one considers the following: (1) most of
the worlds energy-related emissions are curremitpanted for by the target economies, a situatianis likely to
persist, especially as India and China’s emissgrow; (2) the bulk of emissions (if not energy) is@s is to be
found in electric end uses, due to conversion gnangl (3) the implementation of best practice statsl by 2014
guarantees that by 2030, nearly all of the stocke$e end uses will have been converted to higtiezfcy. We
hope that the analysis presented contributes togdlias in the energy efficiency and policy commyoit the
relative benefits of a focused, but more intens@tefforts than has been implemented to date.

While we believe the results of the study to bdisiehtly robust to inform policy planners of therefit of an
initiative of the kind considered, the analysisidd without limitations. Most obviously, the profemn of energy
growth and stock turnover is highly dependent engbonomic forecasts used. A constant growth sicermay
give reasonable results over the very long terrhjritarruptions in this pattern such as the curgtobal economic
downturn will surely have strong short- and meditemm effects. Predicting and confirming the impanftghis
crisis on global energy demand using a bottom-ypageh will present an engaging research areatbeezoming
months and years, and test the limits of the metlogy to model effects on a shorter timescale. Beécthe model
of equipment uptake assumes that an appliancedafite for a household of a certain income todayweljust as
affordable for a household of that income in thieife. In reality, uptake rates are likely to behsigthan we’ve
projected, due to lower equipment prices affordgtelbhnological advances in manufacturing, and ecoes of
scale. Finally, the model considers technologias éne available today, but much more efficiendpiads may well
be available and affordable in the future, permitteven more stringent targets to be cost-effective
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